Abstract-Spatiotemporal collapse of spin-dipole wave (SDW) pulses of millimeter wave range is investigated theoretically. The dispersion and diffraction coefficients of SDW have been calculated, when the retardation has been taken into account. It is demonstrated that YIG films are suitable for observing the collapse in millimeter wave range, due to low dissipation and quite high values of dispersion and diffraction coefficients. Numerical simulations have been confirmed this result.
INTRODUCTION
Recently, propagation and interaction of microwave nonlinear spin-dipole waves (SDW) in ferrite films have been of a great interest [1] [2] [3] [4] [5] . Most of the interesting results are devoted to the propagation of the nonlinear waves along the bias magnetic field (backward volume magnetostatic waves -BVMSW) [2] [3] [4] [5] , where both solitons and collapsing nonlinear wave pulses have been observed [3, 4] . The most theoretical and experimental investigations were performed in the centimeter wave range (f ~ 3 -20 GHz) with YIG films. It is of some interest to investigate the nonlinear spin-dipole wave propagation in the millimeter wave range (f ~ 30 -60 GHz). At higher frequencies, the hexaferrite films can be suitable, due to higher magnetization and essential magnetic anisotropy field [3] . But the hexaferrite films possess strong dissipation, when compared with YIG films. Because the dissipation is a limiting factor for observing solitons and wave collapse, it seems natural to consider the nonlinear wave propagation in YIG films under higher bias magnetic fields H 0 t 10 kOe. SDW in the centimeter wave range are usually considered in a quasistationary approximation, where the electromagnetic (EM) retardation is neglected (magnetostatic waves). In the millimeter wave range the applicability of the quasistationary approximation is doubtful, because the longitudinal wave number of SDW can be comparable with one of the electromagnetic wave (Z/c)H f 1/2 ~ 40 cm -1 . For a generation of bright temporal and spatial solitons it is necessary to obtain the certain signs of dispersion and diffraction coefficients, respectively, if the sign of the nonlinearity coefficient is determined [1] . At lower values of the wave number the hybridization of SDW with the EM one takes place. Even a small retardation may lead to an essential change of the wave dispersion, because of the opposite directions of the group velocities of BVMSW and electromagnetic waves.
The present paper is devoted to theoretical investigations of propagation of moderately nonlinear SDW in YIG films in the millimeter wave range. The propagation is along the bias magnetic field. The dispersion and diffraction coefficients and the wave dissipation have been calculated both for YIG and hexaferrite films. The values of the longitudinal wave numbers, where the propagation of bright temporal solitons and wave collapse is possible, are specified. The numerical simulations of the nonlinear wave propagation have been provided. The splitting with respect to the physical factors has been applied. A possibility of spatial-temporal wave collapse of SDW in YIG films has been demonstrated.
II. DISPERSION AND DIFFRACTION COEFFICIENTS OF SDW IN MILLIMETER WAVE RANGE
Propagation of exchangeless SDW in the thin ferrite film along the bias magnetic field is considered. In the millimeter wave range, it is possible to use either hexaferrite films of great magnetic anisotropy or to apply the high bias magnetic field (H 0 t 10 kOe) in the case of YIG films. The geometry of the problem is given in Fig. 1 . The ferrite film (|x| < l) is placed on a nonmagnetic substrate (x<-l). The air is at x > l. Note that these SDW possess the opposite signs of the phase and group velocities. The frequency range of propagation of backward volume SDW is
H 0 is the bias magnetic field jointly with the anisotropy field, 4SM 0 is saturation magnetization, J is gyromagnetic ratio. SDW propagation is considered at the frequencies Z | Z 3 , and the condition for the wave number is valid: kl << 1.
In the quasistationary approximation, it is possible to calculate the dispersion coefficients for BVMSW [1] . The following expansion of frequency Z on longitudinal k z and transverse k y wave numbers is used: (1) Such a change of the sign occurs at relatively high values of the wave numbers. The transverse profiles of the wave change weakly. Moreover, the retardation leads to an appearance of cross-dispersion term w 2 Z/wk z wk y . Also the ycomponent of the group velocity occurs: wZ/wk y z 0 at k y = 0, but |wZ/wk y |<<|wZ/wk z |. This is due to asymmetry of the structure in the vertical direction.
Thus, to obtain the bright temporal soliton propagation and realization of wave collapse, it is necessary to choose the larger values of the wave numbers k>100-150 cm -1 . 
III. NUMERICAL SIMULATIONS
The numerical solution of (2) The results of simulations are given in Figs. 3-7 . The thickness of the film is 2l = 10 Pm. The main obstacle for observing the soliton formation and wave collapse is the dissipation of SDW, which is low in YIG films and quite high in hexaferrite ones. One can see that for SDW in YIG films there is the value of the input pulse amplitude when pulse compression both in Z-direction and in Y-direction takes place, compare Fig.3 and Figs.4,5. As a result, nonlinearity ceases to be moderate, and the wave collapse occurs (Fig. 5) . In Figs In hexaferrite films, the dispersion coefficients of SDW are higher than for YIG films. But the wave dissipation is one order higher too, see Figs. 6,7. Simulations where the exact wave dispersion was taken into account have confirmed the results obtained in the parabolic approximation.
IV. CONCLUSIONS
An analysis of dispersion and diffraction coefficients yields that the bright soliton propagation and wave collapse of SDW in mm range are possible only at k > 150 cm -1 . The main obstacle for realizing wave collapse in the millimeter wave range is dissipation. In YIG films under quite high bias magnetic fields the wave collapse of nonlinear SDW is possible. In hexaferrite films under realistic parameters, dissipation prevents the wave collapse; an occurrence of spatial solitons is possible there.
ACKNOWLEDGMENT
This work was partially supported by SEP-CONACyT (Mexico).
